Not all members of the human histone gene family are functional. We have isolated a human H2B pseudogene that contains alterations in the protein-coding sequences as well as in the 3' and 5' flanking squences that preclude expression of a functional H2B histone protein. There are three modifications in the amino acid-coding region: a singlebase deletion producing a frame shift, a single-base substitution resulting in a codon change from serine to tryptophan (an amino acid not present in histones), and the absence of a stop codon. Analysis of nucleotide sequences upstream from the AUG start signal indicates the absence of a "TATA" box and other putative consensus regulatory sequences. In the 3' flanking region, a highly conserved block of 22 nucleotides that exhibits hyphenated dyad symmetry is displaced downstream.
Histone genes encode a highly conserved class of basic proteins that play a key role in the structural and possibly in the transcriptional properties of the eukaryotic genome. In human cells, the histone genes are represented as a family of moderately reiterated sequences that are clustered (1, 2) but not organized in simple tandem repeats as in Drosophila (3) and in sea urchin (4) .
Analysis of cloned genomic human histone sequences in several laboratories (1, 2) has indicated that human histone gene clusters are polymorphic and exhibit several arrangements with respect to restriction sites and the order and representation of coding sequences, including those for H1 histones (5) . Structural features shared by most histone genes include contiguous representation of histone mRNA coding sequences and a series of conserved sequences in both 3' and 5' flanking regions (reviewed in refs. 6 and 7).
Reasoning teleogically, the presence of 30-40 copies of histone genes provides human cells with capacity to synthesize sufficient amounts of histone protein during S phase (8) (9) (10) for packaging newly replicated DNA and also to accommodate the synthesis of specific histone variants that are not temporarily or functionally coupled with DNA replication (11) . However (15) except that the piperidine cleavage and recovery of cleaved fragments by ethanol precipitation steps followed the method of Smith and Calvo (16) . Gels were dried for 20 min at 80°C on a gel dryer and air dried for 1 hr prior to autoradiography using preflashed Kodak Fig. 1B . The nucleotide sequence of the human H2B histone gene from pFF435D is shown in Fig. 2 , along with the sequences of H2B genes from chicken (18) , yeast (19) , and the sea urchin, Psammechinus miliaris (20) . In several respects, the sequence is typical for an H2B histone gene. For example, the encoded amino acid sequence that was determined had 91% homology with that of chicken, 82% homology with sea urchin, and 71% homology with yeast. The divergence between the nucleotide sequences of the human H2B gene from pFF435D and the H2B coding regions from these species ranges from 11 (21) and two sea urchins (20) , as well as the yeast Saccharomyces cerevisiae (19) (Fig. 2) (Fig. 3b) (22) are shown in Fig. 4 . In spite of the frequent third-base substitutions between the H2A gene in pFF435D and that in XCH-01, the polypeptide sequence is completely conserved, except for amino acids 11-14, which are absent in pFF435D. As shown in Fig. 4 
CTGTTCCTGCC G---------------75 bases--% TCTTTTCAG66CCACrAACUCCTTAGTGAAATAGCT
,TMI, these amino acids (Arg-Ala-Lys-Ala) are highly conserved in calf thymus, human spleen, trout, and P. miliaris (22) . It is tempting to speculate that the absence of these four highly conserved amino acids may adversely affect the functionality of the encoded H2A protein.
Although the H2B and perhaps also the H2A histone coding sequence of XHHG55 cannot produce a functional histone protein, the functionality of the other histone genes in this cluster (H3 and H4) (Fig. 1) has not been addressed. There are two possibilities. (i) Actively transcribed histone genes may coexist with pseudogenes. This type of arrangement has been described for both the a-and 3globin gene clusters, where pseudogenes are interspersed with functional members of each of these gene families (23, 24) . (it) Alternatively, the entire histone gene cluster represented in XHHG55 may be nonfunctional. In this regard, it is noteworthy that XHHG41 (2) , an independent isolate analogous to XHHG55 but lacking the H2A and H2B genes, contains H3 and H4 histone genes that, based on DNA sequence analysis (17, 25) , are apparently functional. Sequence analysis of the H4 and H3 genes in XHHG55 should clearly distinguish between the above two possibilities.
The origin of the human histone pseudogene is unclear. The multiple types of defects present suggest that more than one mutational event was involved in generating this sequence, perhaps including recombination events with other histone genes. Several recent reports have suggested that pseudogenes can arise from integration of reverse transcripts of mRNAs into the genome (26) (27) (28) (29) (30) (31) (32) . It is unlikely that the H2B histone pseudogene is the result of such a mechanism because it lacks the flanking direct repeats characteristic of reverse-transcribed pseudogenes. It is interesting that to date two types of arrangements of nonfunctional histone genes have been observed. In lower eukaryotes, sea urchin and Drosophila, solitary members of the histone gene family, designated orphons, are found at a frequency of 50 per genome (33) . In contrast, the human histone pseudogenes we have identified are clustered with other human genes whose functionality has yet to be determined. Furthermore, these pseudogenes reside in a genomic segment organized in a manner similar to that of other human histone gene isolates (2) . 
